Introduction
The data obtained from the Active Magnetospheric Particle Tracer Explorer / Ion Release Module (AMPTE/IRM) satellite have made it possible to reconsider and extend the findings of earlier missions in the near-Earth magnetotail . From the point of view of magnetospheric circulation of particles and magnetic flux, as well as plasma sheet heating and energy transport, an important step was made with the report and statistical investigation of a small subset of all AMPTE/IRM plasma sheet samples, namely the high speed flow samples. Although in all plasma sheet regions slow flows dominate [Baumjohann et al., 1988 [Baumjohann et al., , 1989 This led them to the conclusion that during substorm onset a neutral line forms most frequently earthward of X = -25 to-30 R s, whereas they interpreted the lack of a flow enhancement in the plasma sheet during the other 50% of their substorm data set as evidence of cross-tail localization of the effects of substorms in space.
Closer to Earth, the most probable location of a possible neutral line during substorm onset is still a point of controversy. A statistical analysis of EXB flows inferred from the electric and magnetic field measurements on ISEE 1 [Cattell and Mozer, 1984] had placed the existence of a neutral line most frequently tailward of-22 R s, the apogee of the ISEE satellites. Tailward flows, as well as '•aear-satellite reconnection" events encompassing tailward followed by earthward flows were also present in their data set (comprising 25% of their events) but they were located tailward of X = -21 R e. Recently, Kettmann et al. [1993a, 1993b] analyzed high anisotropy samples (HAS) of energetic (>25 keV) ion data from the ISEE 2 satellite and showed that tailward anisotropies can indeed occur in the plasma sheet with significant occurrence probability as close to Earth as 16 R E. Although they did not distinguish between boundary layer and neutral sheet HAS samples, they showed that earthward HAS correlate with positive B z and tailward HAS samples with negative B z, beyond 16 R E downtail. They suggested that a near-Earth neutral line may form quite frequently well within the ISEE apogee. The above studies inferred the flow properties within the ISEE apogee based on information other than direct plasma measurements. Their seemingly contradictory results are not very surprising given the different techniques employed to infer the position of a neutral line and the different methodologies applied to select their data sets [Kettmann et al., 1993a] .
A statistical analysis of the occurrence rates of fast flows in the ICPS by Baumjohann et al. [ 1989, 1990] could conceivably be resolved based on methodological differences, the lack of directly measured tailward flows in the AMPTE/IRM data set in a tail region previously reported to support such flows is an issue that still remains unresolved and necessitates a systematic comparison of the AMPTE/IRM and ISEE 2 plasma data, in particular in the region of common coverage.
In this paper we will address the above issues by studying the AMPTE/IRM and ISEE 2 data sets with a common methodology. We will apply the same criteria to distinguish between different plasma sheet regions and will define BBFs in the same computerautomated way. This approach was applied to a study of the non-BBF (quiet) flow in the plasma sheet by Angelopoulos et al. [1993] . The similarity of the average quiet flow pattern in the two data sets (their Figure 1) , as well as the near-quantitative agreement of the average pressure in the regions sampled by both spacecraft (their Figure 4 (c)) give us further confidence that the two data sets are commensurate. Our analysis will complement the study of Angelopoulos et al. [1993] by intercomparing the two data sets during intervals of plasma sheet activity. We will assume that the differences between the two data sets with respect to their temporal resolution and the instrumentation used to acquire them do not, to first order, preclude us from directly intercomparing them. Thus we will attempt to judge whether the results obtained from the two data sets can be understood based on the satellites' orbital biases and the geomagnetic activity during the period of coverageø By virtue of their definition (to be given in section 4), BBFs occur primarily in the plasma sheet regions closest to the neutral sheet. Contrary to PSBL high speed flows which may map to distant equatorial activations downtail of the observation point, BBFs represent local near-neutral sheet acceleration. Consequently, we can study their spatial distribution without the need of a procedure to map the accelerated flows to their downtail origin.
The plasma sheet may be occasionally inactive (i.e., devoid of high speed flows) during geomagnetically active times [Hones end Schindler, 1979, Table 2 ] and active during geomagnetically quiet times based on the AE index [Beumjohenn et el., 1990; Angelopoulos et el., 1992a]. In addition, as pointed out by Angelopoulos et el. [1992b] and will be demonstrated again in section 4, there are no apparent differences between geomagnetically quiet time (as defined by AE) BBFs and geomagnetically active time ones. These observations suggest that the AE index may not be always a good monitor of the instantaneous and local transport conditions in the plasma sheet. For these reasons, and in the spirit of our earlier work [Angelopoulos et al., 1992a , 1993] we will not emphasize the association of plasma sheet transport with AE but rather attempt to characterize impulsive plasma sheet transport in its own right, i.e., in terms of BBFs. Naturally, we will try to place BBFs in the context of the measured geomagnetic activity statistically, but we will leave the direct association of B BFs and AE for detailed, multiinstrument case studies that are better suited to remove ambiguities between the two activity indicators. In section 2 we describe the data sets used in this study. In section 3 we explain the criteria used to define the inner and outer plasma sheet regions (IPS and OPS respectively). Section 4 presents detailed observations of tailward and earthward BBFs in the ISEE 2 data set and an earthward BBF in the IRM data set.
Section 5 addresses the spatial dependence of the BBF occurrence rates in the two data sets. The subset of tailward BBFs and fast tailward flow samples is studied in greater detail in this section. Section 6 deals with the importance of BBFs for transport. A summary and discussion is presented in the last section.
Data Sets
The analysis presented in this paper was based on 5 s resolution plasma moments from the three dimensional plasma instrument [Paschmann et al., 1985a] plasma data were calculated at 3-s or 12-s resolution depending on the orbit. They were block averaged with a 12 s window and were merged with magnetic field data of the same temporal resolution. The ISEE 2 orbit extended our analysis beyond the apogee of IRM (19 RE), out to 22 Re, and complemented AMFFE/IRM's limited coverage in the postmidnight sector.
We transformed the satellite position in an Aberrated Geocentric Solar Magnetospheric (AGSM) system using a 4.5 ø aberration angle. We limited our databases to be outside the hinge point region [Hammond et al., 1994] , X^GSM < -10 R E. We also confmed our analysis to the region IYAGsMI < 15 R E in order to avoid crossings of the magnetopause. In addition, we eliminated other possible magnetopause boundary crossings by searching for times during which the ion temperature T i dropped below 500 eV, the ion density N i increased beyond 1 cm '3 and the flow was persistently (>5 min) tailward (>200 km/s) at distances of IYI > 10 RE. These were removed based on the times of the rotation of the field from the magnetospheric to the magnetosheath direction. Mantle crossings l were also removed from the region 
Identification of Plasma Sheet Regions
The definition of PSBL used by Baumjohann et al. [1988] (described in the introduction) was particular to the AMPTE/IRM data set, because it used the fact that photoelectrons were not removed from the electron distributions prior to the calculation of the electron moments. Thus, differences between the ion and electron densities on AMPTE/IRM were mostly due to an abundance of photoelectrons at the low density and temperature plasma of the PSBL. However, a similar criterion could not be applied to the ISEE 2 data set without significant effort, because of the different way that the electron moments were calculated from the raw counts of the FPE instrument. In addition, the photoelectron current that influences the detector response to the ambient plasma conditions is a complicated function of several satellite parameters [Garrett, 1981] and is expected to be different for the two satellites. Thus a direct intercomparison of the data sets would require careful intercalibration of the two satellites. We wished to devise spacecraft-independent criteria to separate regions within the plasma sheet. Furthermore, Baumjohann et al.
[1990] defined the ICPS using a magnetic field elevationdependent criterion. Since BBFs correlate with dipolarizations (temporal increases of Bz), it is possible that a correlation of BBFs with dipolarizations could arise in a statistical study simply from the ICPS selection criterion. We needed to define the regions closest to the neutral sheet based on criteria other than the elevation of the magnetic field or the value of B z, which are some of the quantities that we intended to study.
To identify lobe samples we used the measured ion pressure Pi (also see Chen and Kivelson [1991] 1 (a) and 2(a) reveal the existence of a minimum between the high pressure and the low pressure clusters of points. Individual cases suggest that this minimum appears because when the spacecraft exits the plasma sheet the plasma instrument quickly attains its apparent noise level, which is quite lower than the pressure values in the plasma sheet. We defined the level of Pi = 0.01 nPa to be the dividing line between lobe and plasma sheet regions for both instruments. This is a value chosen conservatively to avoid any possible lobe sample contamination of the plasma sheet data set. Our criterion is also close to the Xdependent criterion used by Chen and Kive!son [1991] (e.g., for X ---15 R e their lobe criterion was equivalent to Pi < 0.4 x 10 '9' nPa). Samples with Pi < 0.01 nPa are considered as lobe samples in the following.
To develop criteria that separate regions within the plasma sheet, we needed to focus on quantities that can function as After extracting the lobe samples from our databases we plotted the spatial coverage of the plasma sheet samples in 
Case Studies of BBF Events
We defined B BFs to be segments of continuous ion flow magnitude V i above 100 km/s in the plasma sheet, during which V i exceeds 400 km/s for at least one sample period in the IPS. Samples of V i > 400 km/s that were less than 10 minutes apart were considered to belong to the same BBF event, even if the velocity dropped below 100 km/s between these samples. BBFs were thus defined in a way similar to our earlier papers [Angelopoulos et al., 1992a [Angelopoulos et al., , 1992b Only 22% (29%) of the BBF samples belong to the OPS in the A•M (ISEE 2) database. In the following we present a few cases of BBFs from the ISEE 2 and IRM databases in order to demonstram the applicability of the region identification, the pertinence of the BBF selection criteria and the need to study BBFs irrespective of geomagnetic activity. In no case study or statistical analysis in this paper did we use any criterion other than the one described in the previous paragraph to classify a fast flow occurrence as a BBF event and to define B BF boundaries. Similarly, only the region identification criteria of Section 3 were used to determine the magnetotail region the spacecraft was in. All references to other quantities (field orientation and magnitude, plasma density and temperature) and the associations of those quantities with certain tail plasma regions are made only to justify the computer-automated application of the B BF selection and region identification criteria.
An ISEE 2 BBF Study
The magnetotail crossing presented in this section encompasses fast flows with both tailward and earthward V x. This ISEE 2 nearneutral sheet tailward flow case study is the first one described in terms of BBFs. Since previous analyses of BBFs were carded out based on the AMPTE/IRM data set which is dominated by earthward BBFs, tailward BBFs will be segregated in our analysis in recognition of the possibility that they may not have similar 0.14 cm -3 , roughly similar to the pre-BBF conditions.
After the peak tailward flow, the spacecraft started encountering regions of stronger field, and lower density and temperature, indicating that it was exiting toward the lobe. However, the ion temperature remained at the 1-2 keV level and the ion density did not subside below 4 x 10 -2, indicating that the spacecraft did not fully exit to the lobe. According to our region definition, when the magnetic field started to increase the spacecraft entered the OPS and did not exit to the lobe, in agreement with the impression gained by a visual inspection of the data.
The second BBF event of this study has large earthward and tailward flows within it, the earthward flows being accompanied by B z increases (possible dipolarizations). However, the flow magnitude does not subside below 400 km/s for more than 10 minutes between the earthward and tailward bursts, and thus our Nearest neighbor smoothing was applied to the 1 x 1 R2E bins. 
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Spatial Dependence of BBFs
Plates 5 and 6 show the spatial dependence of the occurrence rate of earthward BBFs (Vx > 0) in the IPS (middle panels), and the IPS coverage on which the occurrence rates were based (top panels), from the IRM and ISEE 2 databases respectively. A 3 x 5 R2• sliding area centered on 1 x 1 R2E bins within the limits of the satellite coverage was used for the calculation of the occurrence rates. The satellite coverage in the IPS was subjected only to nearest neighbor smoothing. In both data sets the earthward BBFs comprise 10-15% of the time spent by the spacecraft at apogee and close to midnight, although earthward BBFs in the IRM data set are ---50% more frequent than the ones in the ISEE 2 data set. The sphtial dependence of the earthward BBF occurrence rate on both satellites is roughly similar to the one of high speed flows in the plasma sheet described by Baumjohann et al. [ 1990] It is expected from the studies of Baumjohann et al. [ 1989, 1990] , which revealed a positive correlation between fast flows and AE, that the occurrence rate of BBFs should also increase with increasing geomagnetic activity. The dependence of the BBF occurrence rates on geomagnetic activity has not been incorporated in Plates 5 and 6; these plates include data from all activity levels. For this reason we now attempt to investigate the quantitative differences of the total (sum of earthward and tailward) BBF occurrence rate between the two satellites as well as between different distances for the same satellite, taking the geomagnetic activity into account. Figure 5 shows the results of this investigation. The data from each data set in the spatial region of interest were divided into four quartiles based on AE. We found the occurrence rate of BBFs in every AE quartile and we assigned it to the average value of AE in the quartile. The region of IRM and ISEE 2 spatial overlap i.e., -15 > X > -19 RE, IYI < 5 RE, where both satellites have a fairly good coverage of the IPS is a particularly interesting region for an intersatellite comparison. In addition, the region X < -19 R E, IYI < 5 R E can be studied in comparison with the "overlap region" to explore the X dependence of the ISEE 2 BBF occurrence rate. Table 1 shows the median AE, the number of BBFs and the ratio of durations of tailward BBFs to all BBFs in each spatial region specified. The information in Table 1 conf'ums that the IRM data from the region of spatial overlap were acquired during geomagnetically quieter conditions than the ISEE 2 data from the same region, and thus provides a possible explanation for the scarcity of tailward BBF observations in IRM. Table 1 also shows that the percent duration of tailward BBFs relative to all BBFs increases from 15% earthward of X ---19 RE to 23% tailward of that distance, an increase that cannot be attributed to an increase in geomagnetic activity since the median AE is actually lower in the latter subset. We also included in the Vy, km/s 106.
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Statistics of BBF Flow Samples
It is instructive to investigate the angular distribution of the flow samples within BBF events and the evolution of that distribution from one spatial region to another. This is shown in Figure 6 for the same spatial regions as those of Table 1 ( of all fast flows are centered 22.5 ø away from the sunward direction, also toward dusk. This is also consistent with the superposition of a small (~50 kin/s) diamagnetic drift (due to an earthward particle pressure gradient) on the fast flow component.
Statistics of IPS Fast Flow Samples
Fast flow samples in the IPS can be studied independently of BBFs. We defined a fast earthward (tailward) flow sample as a sample with velocity greater than 400 km/s and V x > 0 (V x < 0). Table 1 includes the number of tailward samples (of 5-s and 12-s duration in the IRM and ISEE 2 data set, respectively) seen in the respective spatial regions. Such samples often belong to earthward BBFs (those BBFs are really of a "mixed" type, containing both earthward and tailward fast flows) both in the IRM and ISEE 2 data sets.
In an effort to link our work with the analysis of Beumjohenn et el. [1989, 1990] Initially, one might think that the same argument holds for the results of a statistical analysis. However, large spatial scale flow structures would be detected by the satellite with a higher probability than small scale size flow structures. In a statistical study of a large enough database the spatial scales of the different magnitude flows weigh the occurrence frequencies of these flows. In other words, the probability of measuring a fast flow structure is proportional to the product of the probability that the structure is present anywhere in the plasma sheet times the width of the structure (normalized to an appropriate quantity like, e.g., the tail width). Therefore our statistical results concerning transport past a single point in space are expected to reflect the overall transport in the IPS. For this reason, we call the color axis of Plates 7 and 8 "% of total IPS transport," as opposed to "% transport past the spacecraft per unit Y-Z area (or per unit Y distance for magnetic flux transport) in the IPS," even though it is the latter quantity that we really measure. The results of our analysis indicate that at distances of 15-22 Re close to midnight, most of the IPS earthward transport is accomplished over short time intervals in a bursty manner.
BBFs as Units of Transport
We now integrate with respect to time along each B BF event the earthward particle flux, energy flux density and the dawn-dusk electric field. We thus get an estimate of the total earthward transport accomplished during each event ( We can compare some of the median transport numbers with comparison are presented in Table 5 . During a substom, -2.5 x 1021 ergs are released on the ionosphere due to Joule heating and particle precipitation, whereas the instantaneous ionospheric power dissipation is -4 x 1017 ergs/s [Akasofu, 1977] . Ring current dissipation is related to 10 times larger energy and power requirements than the respective ionospheric quantities [Akasofu, 1977] . 
R2
• of Y-Z cross-sectional area is equivalent to the total power dissipated on the ionosphere due to Joule heating and particle precipitation, but only 10% of the total power released during substorms if the ring current (RC) contribution is included. The total BBF energy transport, is 10% of the total energy dissipated in the ionosphere during a substorm and a mere 1% of the total energy release during substorms. The reason for the factor of 10 additional deficiency in the total energy calculations relative to the power calculations is the long duration (2 hours) of the energy deposition during a substorm [Akasofu, 1977] relative to the short If a single BBF event is to be associated with a substorm, and is expected to accomplish substormlike energy and magnetic flux transport rates, the numbers in Table 5 suggest that this BBF must extend across an approximately 10 times wider cross-tail width (30 Re) than assumed. Alternatively, more than one localized BBFs, simultaneously occurring in a wide region across the tail during a single substorm could be invoked, as they would be effectively identical to a single, large-scale BBF. Paradoxically, the assumption of a wide-spread activity across the tail during every substorm is not compatible with the observations of Hones and Schindler [ 1979] , who showed that at distances -18 > X > -35 R E about half of the clearly defined substorms have no effect in space.
Even if we invoke spatially extended BBFs to account for substormlike energy and magnetic flux transport rates, we still cannot account for the amount of total energy deposition in the inner magnetosphere and the total flux circulation during a typical substorm by our observations in the near-Earth magnetotail. A possible resolution of this paradox may be that the observed BBF duration does not reflect the total life span of the activity in space, since a satellite can only observe one point in space. It is possible that the plasma sheet activation moves away from the satellite and persists at some other location in the tail for a duration much longer than the 10 minutes estimated from our single satellite observations.
The above comparisons of typical BBF transport with transport expected during substorms give a flavor of the issues and difficulties associated with an attempt to account for the overall energy and flux circulation in the magnetotail using single satellite measurements. Our approach is hindered by several additional problems: (1)Our database contains a multiplicity of events many of which may correspond to ionospheric activations of a smaller magnitude than our "typical" substorm. It is not clear how the average ionospheric intensification for the period under study compares with the size and duration of the "typical" substorm whose expected transport values we used in Table 5 
Summary and Discussion
We analyzed BBF events as units of transport in the inner plasma sheet, using data from the AMPTE/IRM and ISEE 2 satellites. Applying a common methodology for region identification and event selection, we studied the BBF properties. We tried to explain the differences in BBF properties in the data sets from the two satellites based on the satellites' orbital characteristics and geomagnetic conditions. Possible instrumental differences cannot be ruled out as contributors to the observed differences, but they were not explored in this paper. We conveniently used the distance of X --19 Re, the AMPTE/IRM apogee, as a spatial divider of the IS EE 2 data set in order to pursue comparisons both between the ISEE 2 and IRM data set in the region of spatial "overlap" (-15 < X < -19, IYI < 5) and between two spatial regions (tailward and earthward of that distance) from the ISEE 2 satellite. Our results are as follows: and time period used in this study is the same as the one used by the above authors, it is likely that the observed decrease of occurrence rates may be due to the same reason. As the distance from the expected neutral sheet location increases with distance from Earth for the inclined ISEE 2 orbit, it is possible that, as discussed earlier, this adds complexity in the determination of the occurrence rates that cannot be removed by a simple division of the observed BBF duration by the total IPS observation time.
Tailward BBFs
(1) Tailward BBFs are very infrequent in the IRM database and somewhat less infrequent in the ISEE 2 database earthward of X= reconfigurations, a task that demands multisatellite studies of -19 R E. The local time distribution of tailward BBFs in both data carefully selected events. sets can be understood on the assumption that the plasma sheet is (3) Tailward of X = -19 R E the earthward BBF occurrence rate thin during observations of fast tailward flows. The difference decreases as the total (earthward plus tailward) BBF occurrence between the occurrence rates of tailward BBFs in the IRM and rate stabilizes in the ISEE 2 data set. The same behavior of the occurrence rates is also evident in an independent analysis of the fast flow samples in the IPS (Figure 6) .
Again, it is difficult to understand this result. We note, however, that it is supported by the study of Kettmann et al. [1993a Figure 7 ) that shows a similar decrease in earthward energetic anisotropies tailward of X ---17 Re. Since the satellite ISEE 2 data sets in the region of spatial overlap can be attributed to the quieter geomagnetic conditions prevailing in the IRM data set relative to the ISEE 2 data set (Table 1) . Tailward BBFs are most frequent tailward of X---19 R E and close to midnight.
(2) The few tailward BBFs (and high speed tailward flows) in our AMFI•IRM near-neutral sheet data set were not reported by Baumjohann et al. [1990] predominantly because these authors used an approximately 42% smaller data set than we did. Secondarily, they are due to the different identifier of proximity to the neutral sheet (we defined the IPS based on plasma beta, whereas Baumjohann et al. [1989] defined the ICPS based on the magnetic field magnitude and elevation).
(3) The percentage of all BBFs observed that are tailward increases with distance downtail out to ISEE-2 apogee. The ratio of tailward to all fast flows increases with distance from Earth. Table I and the results of Hayakawa et al. [1982] and Nakamura et al. [1994] suggests that this ratio continues to increase out to X ---30 Re downtail.
Comparison of our results from
BBF Importance for Magnetotail Transport
Even if BBFs last for a relatively short time in the IPS (7-15% at apogee and close to midnigh0 they are responsible for most of the measured transport of mass, energy and northward directed magnetic flux toward Earth (60-100% in the regions of maximum occurrence rate). Thus they represent the predominant mechanism of earthward convection at distances of 15-22 R E and close to midnight. BBFs were selected under the assumption that flow bursts that were less than 10 min apart belong to the same BBF event. This was based on our visual inspection of BBFs and the perception that not only temporal but also spatial effects are responsible for the variability of the flow velocity. Thus the histograms of B BF durations (Figures 8, 9 ) should be biased towards BBFs that are longer than 10 min. However, the median earthward BBF duration in both data sets is about 10 min indicating that our assumption does not influence the duration of BBFs significantly.
"Typical
As (Table 5) . Thus if a single BBF is to be associated with a typical substorm, not only does it have to occupy a significant crosssection of the magnetotail at active times, but in addition it will have to last several times longer than its median observed duration of 10 min. The occasional lack of fast flows in the plasma sheet during geomagnetically active periods [Hones and Schindler, 1979] 
